Abstract. In some sense, viable photometric systems are rather like the MK spectral classification system: They depend a great deal on the usage of standard stars. What makes a system good is in many ways dependent on the quality and quantity of the standard stars used to help define the system. We can (and should) do the best we can in the choice of spectral wavelengths and bandwidths for the filters and in our choice of detectors and reduction procedures, but the final quality and value of the system will depend a lot on the quality of the standard stars used to help define the system and on the choice of standards used for any observing program with the system. Such standards must span the range of stellar types (or spectral types) that will be observed with the system or on the specific observing program. One must interpolate over all the relevant parameters. Naturally, the standards must be observed and tabulated with high precision and high accuracy. Many examples exist in the literature of problems that arise when these obvious guidelines are not followed. Considerable effort should be made by all photometrists to insure that an adequate set of standard stars exist for the most used standard photometric systems. A viable GNAT (global network of small telescopes) may be the best way to accomplish this goal.
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INTRODUCTION
We all know that photometry is fundamental to progress in almost all astronomical research. It is hard to imagine doing much without a measure of brightness or color or other photometric parameter. To be able to do effective research programs, it is essential to be able to compare the photometric data used with other such data. Hence, we all use standard photometric systems, such as UBV, or uvby, or Geneva, or Vilnius standard systems.
It is not always clear to the user how such standard systems have been defined or are to be matched, or even how to be used. Is it by the careful choice of filters and detector that match the system? Perhaps, but that can be very difficult if not impossible. We don't use the detectors that were used to establish the system originally, for example. Is it by careful choice and observation of a subset of the standard stars that were used to help establish the system? Sometimes, but sometimes not. Sometimes not for a good reason: they are all too bright for our current telescope and detector system, or there are no standards of the stellar type we need. Sometimes for a bad reason: not everyone has the concept of interpolation well in mind, or we don't have the time to do an adequate job.
It is essential for the best work in photometry that the photometrist (observer, or user of the data) understand the issues involved. That includes the real problems of matching up the "hardware" necessary to match the standard system and the "software" used to do the data collection and reduction. It also includes a real understanding of the value of standard stars and how to use them for any observing program. The first issue has been discussed in many references (see most any paper or book on photometry for a list of such), the latter doesn't seem to have been addressed as well in most sources. This current paper will discuss some of the issues relative to standard stars.
WHY STANDARD STARS?
It is impossible to go into all the aspects of the answer to that question. I will discuss some of them here, but the interested reader should refer to a number of sources for additional information. For example, , Johnson & Harris (1954) , Morgan, Harris & Johnson (1953) , Crawford (1994) and in a number of the papers in Volume 60 of the Astronomical Society of the Pacific Conference Series, titled "The MK Process at 50 Years," as well as references given in that volume.
Let me quote from the first paragraph in the fundamental Johnson and Morgan paper on the establishment of the UB V photometric system: "Because of non-linear (and sometimes multi-valued) relationships between different systems of color indices, a definition of a fundamental system of magnitudes and colors becomes difficult; in particular for regions like that of the North Polar Sequence, where no early type stars are available, a system for stars bluer than class AO can hardly be considered to exist. The principal difficulty here is that it is not justifiable to extrapolate a color equation determined from A-K stars to those of class B; in addition, the spectrum of a reddened B star does not have the same energy distribution as does that of a later-type star; therefore, a different color equation may be necessary for reddened and unreddened stars." "A fundamental photometric system for stars should therefore include:
1. Magnitudes and color indices for unreddened stars from all parts of the HR diagram; these should include white dwarfs and subdwarfs, as well as supergiants, giants, and main-sequence stars.
2. The same photometric data for stars having interstellar reddening and of known spectral type and luminosity class.
3. A series of color indices extending from the ultraviolet to the infrared, so that reductions to the standard color system can be made by a process of interpolation rather than extrapolation.
4. A determination of the zero-point of the color indices in terms of a certain kind of star that can be accurately defined spectroscopically."
"The above requirements cannot be satisfied by using small selected regions of the sky; the standard stars are, of necessity, scattered over the sky. It is important to supplement these standards with regional secondary standards which fulfill some of the requirements and which are located in a small region."
Others have, of course, laid out some of the same precepts. They are good ones, essential ones, in fact. No good photometric system of any sort can exist without such standard stars.
Let me restate some of these essential precepts as I see them: 1. No useful photometric system can exist without an excellent set of standard stars. While it is important to match the hardware and software criteria as closely as feasible, it is not adequate. The systems are really defined by observations on the set of standard stars, just as the MK spectral classification is so defined. It is the MK Process. See the ASP Conference Series Volume 60 proceedings for excellent discussions of the issues.
2. Such standards must be of such a range in characteristics so as to allow interpolation to always be used. These characteristics include: position on the sky (including northern and southern hemispheres, of course), spectral type and luminosity class, chemical composition (the "third" parameter), magnitudes and color indices, and even rotational velocity, magnetic field, duplicity, and all other characteristics to be expected in "unknown" (= non-standard) stars of the observing program. Naturally, if the objects in question are not stars, then standards of such objects are needed as well.
3. It is essential to understand one's natural system and its relation to the standard system; but it is even more essential to always interpolate. It may not be useful (or as accurate) to use a very wide range of standard stars for a research program on stars with a considerably narrower range in characteristics.
4. Enough standards must be observed to insure that such interpolation is possible and so that enough precision can be obtained. It is important to be able to estimate the observational precision and accuracy, and to obtain also "control" observations as a check on such accuracy estimates.
Examples exist in the literature of failures to follow the above precepts. I have mentioned a few examples of these previously, Crawford (1994), but many others exist as well.
WHICH STANDARD STARS, AND HOW TO USE THEM?
The above discussion about why one should be using standard stars makes it rather clear what sort of standard stars should be used. It is essential to always interpolate. After all, photometry is really a process of interpolation. All our observing and all our reduction techniques must be designed to facilitate this process. Any trace of extrapolation will usually lead us badly astray.
Hence, one must select an adequate number of standards of the needed characteristics to insure a good job of interpolation in all phases of the observation and reduction process. This may not be easy to accomplish, especially if we are observing either a wide range of "unknowns" or types of objects for which few if any standards exist. In the first CclSC) & rule may be "the more the better." In the second case, one may have to try to develop substandards of the type of characteristics needed.
In the observing itself, one must observe so as to interpolate. This means that one must be observing standards at somewhat higher air masses (and lower) than any of the unknowns. One must start and end the night with standards, and intermingle them throughout the night. Particularly on "all sky" programs, it is helpful if one can randomize the intermixing of standards of different characteristics, so that no pattern is built in that may later cause systematic problems.
Careful and adequate time spent planning the observing program is essential, and will always pay off in increased accuracy. So will adequate time spent observing standard stars, even in the face of time pressures (not enough nights assigned to the program, equipment problems, clouds and learning curve time). Good equipment (stable and well understood) is essential as well. And a most valuable asset is a quality observing site.
We will then be on the road to achieving precise and accurate data, that is, useful data. We will also have done a great deal in the process of understanding our natural system, or equipment and software, and the transformations to the standard system.
PROBLEMS AND A SOLUTION TO THE NEED FOR ADEQUATE STANDARDS
In some sense, it seems impossible to be able to do good photometry. There have been a number of excellent investigations of the inherent problems, many by Andy Young, for example. It is easy to find in the literature quite a few examples of less than satisfactory photometry. Fortunately, one can also find a number of examples of very high quality, accurate photometry, on a number of systems. Most of these have followed the precepts noted above very well. It is nearly impossible to do good photometry without doing so.
In the paper given in Mexico City (Crawford 1994) , and in a few earlier papers, I discussed some of the problems facing us in the future. Let me sketch out some of them:
1. Getting adequate observing time to do our programs, and to observe standards (and other calibrations). The excitement of the field and the increasing number of astronomers (in spite of the funding problems we all face) coupled with the fact that some of the telescopes useful for photometry are actually being closed down means that the pressures for time will only increase.
2. Hence, the time available to investigate standard systems, to continue our efforts to establish more standards (especially ones of additional characteristics, including fainter ones of all types) will be sadly lacking.
3. Equipment is getting more powerful but more complicated. We are getting separated even further from the sky than we have been in the past. It will be harder to understand the content and the performance of our black boxes, both hardware and software ones.
4. The drive to work fainter and to observe strange and wonderful objects means that the extrapolation aspects of photometry may be more in evidence than good astronomy requires. Even photometrists get off the track, imagine what others will be doing.
So what can we do, we who are interested in quality photometry and quality photometric systems and standards? Certainly, we must keep talking up the issues, doing the very best we can in our own programs, insuring that the data being archived is of good quality, and all such necessary and obvious things that we all have been doing in the past. Can we do more? I think so. One such thing would be to increase (greatly) the number of high quality small telescopes at existing observing sites worldwide, and to use some non-negligible amount of the time on them for standardization efforts. In fact, a number of us have proposed just such an organization: GNAT, a Global Network of Small Astronomical Telescopes. GNAT has been incorporated as a nonprofit organization. There are already a number of universities and individuals who are formal members. We expect more in the near future. One or more GNAT telescopes should begin operation this year, and a proposal is being prepared for additional ones at other locations.
GNAT's goals are to be a catalyst for all those interested in small telescopes as viable tools in astronomical research and in science education. A number of papers have discussed the needs for and the potentials for such a global network, including ones at this present meeting.
There is no doubt that GNAT would make a most powerful contribution to the solutions needed relative to standard systems and standard stars. One can conceive even "starting over" in establishing totally new systems designed especially for CCD imaging photorne- GNAT will establish a Working Group on Standard Systems and Stars the near future to help guide its efforts in these directions. Your input and involvement are essential. GNAT is a relatively low cost solution of high value to photometry and astronomy. Let's make it a reality. Check out the GNAT Web pages: http://www.gnat.org is the address.
SUMMARY
Photometry has always been of the highest value in astronomical research. It always will be. We must do all that we can to insure that such photometry is of the highest accuracy possible. The existence of well chosen standard stars, no matter what the photometric system, is one of the most powerful tools to insure that reality. GNAT may be one of the best ways to address the issues.
